In this communication an effort has been made to develop a general non-site specific allometric relationship taking Tectona grandis grown in semi-arid Bundelkhand region without harvesting any tree. To determine the most appropriate predictor variable for producing the relationship, different physiological parameters of this tree species like diameter at breast height (dbh), basal diameter, tree height, forking height, collar diameter, etc. were collected from the standing trees from MP part of Bundelkhand region, comprising a total of 45 sites of 4 districts namely Guna, Vidisha, Chhatarpur and Tikamgarh. The dataset contained 418 trees with biomass ranging from 12.79 kg/tree to 12707.92 kg/tree, height ranging from 1.5 to 18.5 m and dbh ranging from 0.03 to 0.44 m. For developing the models; dbh, height, dbh  height and dbh 2  height were used as predictor variables. All four contrasting sites were taken for developing allometric models and after examining model residuals and site-specific relationships, it was found that using dbh 2  height alone as the predictor variable produced the most stable model. Thus it makes regional estimation of aboveground biomass production easier with precision as accurate as site-specific allometry.
ESTIMATION of forest carbon sequestration, carbon trading schemes are nowadays of utmost importance. It requires reliable and general non-site specific allometric relationship using which we can convert the inventory data of any forest area to regional scale estimate of biomass production. In this regard, allometric relationships, i.e. equations relating an easily measurable variable to its aboveground biomass can be used in experimental basis to estimate its total biomass. When we consider trees in a population scale we can find that their dimensions are statistically correlated 1 . This is the basic principle of tree allometry and can be used to predict any tree variable, particularly tree biomass with the help of other tree variables. An allometric model is a formula that quantitatively formalizes the relationship. If we have general nonsite specific biomass equation of a particular tree species, it becomes cost effective to estimate the total biomass at different sites across the geographical range of the same tree species. Studies are available that calculate biomass for multispecific and uneven-aged stands, but the problem with them was that their conversion to equations was not possible 2 . Matrix population models were developed for trees divided into different functional groups according to their growth strategy and into classes of homogenous dimension [3] [4] [5] . When modelling is based on individual tree to map the tree population, it was shown that the growth of a given tree depends on its neighbour 6 . In the present study different tree physiological parameters and their combinations are used as predictor variables for biomass estimation as earlier study suggested the inclusion of tree height and/or tree wood density to account for the site factor 7, 8 during modelling tree total biomass. Till date, most of the studies have concentrated on developing site-specific tree biomass equations and less efforts were made to combine the data collected from several sites for a particular tree species to develop a general non-site specific biomass equation. In this paper, the variations in different biomass equations of contrasting sites have been examined considering one tree species, i.e. Tectona grandis.
The study area is located in the Central Highland physiographic zone of Madhya Pradesh, between 2117-2652N lat. and 7408-8249E long. The dataset is a subset of the data collected in National Carbon Project (NCP) under Geosphere-Biosphere Program (I-GBP) by ISRO/DOS to assess the terrestrial vegetation carbon pool in the country using satellite remote sensing data and ground sampling. It contains different biometric characters of tree species located in northwestern part of Madhya Pradesh (MP). In the present study, teak (Tectona grandis) was considered for estimation in four districts of MP. A total of 45 sites were selected from 4 districts for the collection of data, viz. Guna (17 sites), Vidisha (10 sites), Chhatarpur (10 sites) and Tikamgarh (8 sites) using normalized difference vegetation index (NDVI) map based on IRS-P6 LISS3 imagery (Figure 1 ). For sampling design and identification of sampling sites, the strata considered are forest types based on DOS and ISRO studies, forest density based on Forest Survey of India (FSI), and NDVI based on AWiFS. Sample plots were laid down in different homogeneous strata on the basis of NDVI values provided by National Remote Sensing Centre (NRSC). Four plots, each of 0.1 ha in size were selected for collection of tree samples. The spatial resolution of AWiFS was 56 m and the plot size was 31.61  31.61 m, thus one pixel covered nearly four plots 9 . Four plots of 0.1 ha size were identified in each site. Nested two-stage sampling approach was adopted for sampling of trees (0.1 ha), shrubs (25 m 2 ) and herbs (1 m 2 ) ( Figure 2 ). Indian laws do not permit cutting or harvesting any plants, so direct or destructive method of estimating biomass was difficult. Therefore indirect or non-destructive method was the only alternative left for biomass estimation by combination of visual or assumption methods. So, volume over bark value of different parts of the standing tree was separately calculated to achieve total volume over bark value of the standing tree by adding them. A total of 418 teak trees were sampled and data on several physiological parameters like DBH, basal diameter, tree height, forking height, collar diameter, etc. were collected. Then geometric relationships were used to approximate the volume of standing tree bole. The algebraic formulae were applied as empirical analyses often indicate that the volume of a singlestemmed tree is between that of a cone and a cylinder, with tree volume often lying between 0.40 and 0.45 times that of an equivalent cylinder. Using a value of 0.42 for example, an equation can be developed to estimate cubic volume of wood 10 . Then the total volume over bark of the standing tree bole was calculated by adding the volume of these different parts. The stem wood biomass was calculated by multiplying volume with wood density of Tectona grandis 11 . The stem wood biomass was then expanded to total above ground biomass of tree including leaves, twigs, branches, bole and bark using biomass expansion factor (BEF) 12 .
Total above ground biomass = Stem wood volume  wood density  BEF.
The mean BEF value of 1.5 was used for this study 13 . The below ground biomass was calculated by using simple default value of 25% (for hardwood species) of the total above ground biomass 14 . In this study the statistical analysis has been restricted to the most common allometric form 15 to analyse the relation between total biomass production to other tree physiological parameters. The model fitting using regression procedure was performed using R (3.0.3) statistical software and the parameters were estimated using ordinary least square method 16 . The model with highest R 2 and minimum root mean square error (RMSE) was selected for testing and validation. Several model diagnostics or statistical validation techniques were followed for the selection and assessment of final selected model. As the variability of biomass always increases with the increase in tree DBH, a linear model of biomass against DBH was first tried Total biomass = a 0 + a 1 DBH + .
But during graphical exploration of the available data, it was found that dependent variable (total biomass) varies/ increases with independent variable (DBH) (Figure 3 ) which showed the symptom of non-constant variance in biomass. So the model mentioned above cannot be fitted using linear regression. The log transformation stabilized the variance and the model became ln (total biomass) = ln(a 0 + a 1 DBH) + .
Through this transformation, the error variance became constant but it was not any more in linear form as the dependent variable total biomass became nonlinearly dependent on the coefficients a 0 and a 1 . So in this case, nonlinear modelling technique had to be followed. The other models tried here using different predictive variables were
Total biomass = a 0 dbh
Again it was found that the greater the tree biomass, the greater will be the variability of the biomass, so log transformation of the data was performed before the models were tried. The models were fitted using ordinary leastsquare regression analysis and validation of these models was tested using several residual diagnostics. Table 1 gives the descriptive statistics of the sample trees collected from 4 districts. Across the four sites the tree biomass ranged from 12.79 kg/tree to as high as 12707.92 kg/tree. When individual districts are considered, the highest variance per tree total biomass production was found in Chhattarpur and the least variance was found in Guna. The SW value in Table 1 represents the results of Shapiro-Wilk test 17 for normality, which in most of the cases indicate deviation from normality of the given variable and requires transformation for their further analysis. The relationship between tree height and dbh varied depending on the sites (P < 0.01) as the young teak trees dominated areas had lower heights than the mature ones at a same dbh (Figure 4 ). For different combinations like dbh ( Figure 5 a) and dbh  height ( Figure 5 c) , they accounted for 87-98% and 89-98% variations respectively (Tables 2 and 3 ). Tree height was found to be the worst parameter to explain the variation of total biomass (Figure 5 b) accounting for 64-85% variation (Table 4) . It has been observed that dbh 2  height was strongly correlated with calculated total biomass ( Figure 5 d) and in every district the dbh 2  height was highly associated with total biomass accounting for 89-99% variation (Table 5) . So, as the allometric relationship taking dbh 2  height as the effect variable was found to be most suitable, it was essential to perform residual diagnostics to confirm that the assumptions of regression are satisfied ( Figure 6 ). Even though there is a hint of slight structure in the residual versus fitted values, it may be considered that the errors of the fitted model are normal with constant variance. This type of generalized equations developed here are of much use specially for estimating forest resources and thereby estimating regional carbon sequestration. It was found that only dbh 2  height was the most stable and also the best predictor of tree biomass in case of all the four districts and the simple allometric equation developed using this predictor can give a robust estimate of the total biomass production of teak grown in this area without any kind of site-specific relationships.
